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Abstract
Background: Students suffering from psychosomatic symptoms, including drowsiness and feelings
of melancholy, often have basic lifestyle problems. The aim of this study was to investigate whether
psychosomatic complaints may be related to circadian dysfunction.
Methods: We examined 15 healthy students (4 men and 11 women) between 21 and 22 years old.
To assess the presence of psychosomatic symptoms among the subjects, we developed a self-
assessment psychosomatic complaints questionnaire consisting of five items pertaining to physical
symptoms and five items concerning mental symptoms. The subjects rated their psychosomatic
symptoms twice a day (08:00 and 20:00 h). We also assessed growth hormone secretion patterns
by fluorescence enzyme immunoassay (FEIA). Salivary samples were collected from the subjects at
home five times a day (20:00, 24:00, 04:00, 08:00, and 12:00 h) in Salivette tubes.
Results: The results indicated a relationship between the self-assessment scores and the salivary
levels of growth hormone. Subjects with high self-assessment scores showed significant variability
in growth hormone secretion over the day, whereas subjects with low self-assessment scores did
not.
Conclusion: Psychosomatic symptoms may be associated with circadian dysfunction, as inferred
from blunted rhythmicity in growth hormone secretion.
Background
Japanese students suffering from psychosomatic disor-
ders, such as those involving mood and sleep, may exhibit
basic problems in their lifestyle, including deleterious
changes in their living environment and dietary or life-
style disturbances [1]. In particular, staying up late is asso-
ciated with decreased appetite and missed breakfast the
following morning, irregular bowel movements and
sleepiness. Perhaps the biggest problem facing today's
Japanese students is their lack of daily physical exercise,
brought on by stressful academic courses over long peri-
ods of time, too much television and computer games and
increased automobile use [2]. Many Japanese youngsters
stay up late at night [3].
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A circadian pacemaker in the central nervous system regu-
lates human sleep cycles, hormone secretion, subject
alertness, objective performance levels and other physio-
logic functions over a 24-h period. Core body tempera-
ture, plasma cortisol, and plasma melatonin are three
variables frequently used to estimate the phase of the
human pacemaker [4], although many other hormones,
including growth hormone, exhibit daily rhythmicity.
Technical advances that make the assessment of biomark-
ers in saliva possible have enabled researchers to non-
invasively study biosocial processes related to stress in
naturalistic contexts. Chiappin et al [5] showed the useful-
ness and possibility of salivary hormone analysis contain-
ing growth hormone. Rantonen [6] found a linear
correlation between salivary and serum growth hormone.
Carroll et al. [7] described negative effects of growth hor-
mone insufficiency on psychological well-being, includ-
ing reduced vitality and energy, depressed mood,
emotional lability, impaired self-control, anxiety, and
increased social isolation. Patients with growth hormone
deficiencies report decreased energy levels, greater emo-
tional lability, increased difficulties with sexual relation-
ships and a greater sense of social isolation than control
subjects [8]. However, no direct relationship has been
shown between growth hormone deficiency and psycho-
metrically measured depression, apathy or psychosomatic
well-being [9].
The purpose of the present study was to investigate indi-
vidual variation in the levels of growth hormone in
healthy subjects and to examine the relationship between
an individual's hormone profile and his or her psychoso-
matic complaints.
Methods
The subjects and self-assessment questionnaire
Fifteen subjects (4 men and 11 women) without major
medical disorders ranging in age from 21 to 22 years par-
ticipated in this study. The study design was approved by
the Ethics Committee of Chiba University, Japan, and
informed consent was obtained from all subjects. A self-
assessment questionnaire concerning psychosomatic
symptoms was developed in accordance with data from
the Health Behavior in School-Aged Children (HBSC)
study of the WHO [10]. The questionnaire for this study
contained five items related to physical symptoms and
five items pertaining to mental symptoms (Table 1). The
questionnaire was used to measure each individual's psy-
chosomatic symptoms at home twice each day (08:00 and
20:00 h). The items were rated on a 4-point scale, with 1
= not true at all and 4 = completely true. The total score for
the 10-item scale ranged from 10 to 40, with higher scores
indicating a greater degree of psychosomatic complaints.
The subjects were allocated post hoc (median split) to a
High (n = 7) or Low (n = 8) Self-Assessment Group based
on their total morning score (with higher scores corre-
sponding to lower self-assessment).
Sample collection
Saliva was collected into Salivette tubes (Sarstedt, Ger-
many) using polyester swabs from the subjects' mouths
Table 1: Morning and evening psychosomatic condition scores collected from the self-assessment psychosomatic complaint 
questionnaire











1. Drowsiness 3.14 1.43 3.38 1.50 -0.67
2. Poor appetite 2.14 1.86 2.25 1.38 -0.30
3. Heaviness in the head 1.14 1.29 1.38 1.13 -1.00
4. Dizziness 1.00 1.00 1.75 1.25 -3.00*
5. Whole-body fatigue 2.00 1.57 2.63 1.75 -1.49
￿ Mental symptoms
6. Lack of motivation 2.00 2.00 2.75 2.13 -1.82
7. Easily irritated 1.00 1.14 1.50 1.50 -2.65*
8. Feelings of melancholy 1.00 1.14 1.88 2.13 -2.97*
9. Desire to rest 2.00 2.00 3.00 2.50 -2.45*
10. Anxiety 1.14 1.57 2.50 3.00 -3.80**
total 19.00 16.60 32.75 23.00 -3.96**
The scores shown are means. Each scale ranges from 1 to 4, with higher scores indicating a greater degree of psychosomatic symptoms (No, 
Somewhat No, Somewhat Yes, Yes).
**p < 0.01; *p < 0.05Journal of Circadian Rhythms 2009, 7:10 http://www.jcircadianrhythms.com/content/7/1/10
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following 2 min of chewing. Samples were collected five
times a day at home (20:00, 24:00, 04:00, 08:00, and
12:00 h). Both the day of sampling and the preceding day
were required to be normal days (i.e., without special
events or stressful circumstances). After sample collection,
the saliva was stored at -20°C until being analysed.
Salivary growth hormone assay
On the day of testing, the samples were centrifuged at
3,000 rpm for 10 min to remove all mucin. A standard flu-
orescent determination immunoassay was used to assess
the growth hormone concentrations in each sample. To
avoid inter-assay variability, all determinations were per-
formed in a single series. In the first step, 96-well fluoro-
nunc plates (Nunc, Black MicroWell 137101, Denmark)
were pre-coated with 100 μl of anti-growth hormone anti-
body (Quartett, 2071800210, Germany) and incubated
for 1.5 h at room temperature. After incubation, the plate
was washed three times with phosphate-buffered saline
and blocked for 1 h. After washing, 100 μl of saliva or a
standard solution was dispensed into each well and left
for 1.5 h. After washing, primary antibody (Funakoshi,
FU47500254, Japan) was added to the plates and incu-
bated for 1.5 h. Next, incubation with a secondary anti-
body (Novus Biologicals, NB120-7112, USA) was
performed for 1 h. After washing, rabbit anti-ovine immu-
noglobulin (Amersham Biosciences, ECF Western Blot-
ting Reagent Pack, USA) was added. After 20 min of
incubation, the plate was scanned using a Fluoromark
Microplate Fluorometer (Bio-Rad, USA) with excitation at
485 nm and emission at 590 nm.
Data analysis
The significance of differences between group means was
tested by analysis of variance (ANOVA), followed by pro-
tected  t  tests when appropriate. The presence of daily
rhythmicity in salivary growth hormone was tested by
ANOVA and by the cosinor procedure [11].
Results
Self-assessment psychosomatic complaints questionnaire
A factorial repeated measures ANOVA (high/low self-
assessment versus morning/evening self-assessment
scores) was conducted. ANOVA results showed significant
differences (p < .05) between morning and evening self-
assessment scores. Post hoc analyses revealed that, as
shown in Table 1, the high self-assessment group (total
19.00) differed significantly from the low self-assessment
group (total 32.75) in terms of their morning scores
(Welch's t-test, t = -3.96, df = 7.57, p < 0.01). The low self-
assessment group subjects complained of negative psy-
chosomatic conditions including being easily irritated (p
< .05), feeling melancholy (p < .05), having a desire to rest
(p < .05), and feeling anxious (p < .01).
Assessment of daily rhythmicity of salivary growth 
hormone secretion
We collected saliva profiles from 15 healthy students (4
men and 11 women). The amplitude of salivary growth
hormone, defined as the difference between the highest
and lowest salivary concentrations, was used to produce a
standardisation, or Z, score. As shown in Figure 1, notice-
able variation was observed in the hormonal rhythms of
the subjects, including differences in the salivary growth
hormone secretion profiles of the high and low self-
assessment groups. Cosinor analysis revealed no signifi-
cant 24-hour rhythmicity in the secretion profiles of either
group (p > .50), but a repeated measures ANOVA identi-
fied statistically significant (p < .05) time-related varia-
tions for growth hormone in the high self-assessment
group. The secretion profile of the low self-assessment
group did not exhibit the typical, sharp peak in the early
morning [12], and ANOVA showed no time-related varia-
tion (p > .10). At 08:00 h, salivary growth hormone levels
were significantly lower (p < .05) in the low self-assess-
ment group than in the high self-assessment group.
Discussion
Psychosocial factors have been previously shown to affect
the psychosomatic symptoms reported by Japanese
school children [13]. Psychosomatic symptoms, which
are largely mediated by the autonomic nervous system,
are strongly influenced by an individual's lifestyle, and the
current so-called 24-h society in Japan may have changed
the environmental conditions of students. More than
80% of school refusal cases (school phobia) suffer from
sleep disorders, with a tendency towards day/night
reversal and easy fatigability, especially during the period
immediately following their school social life [14]. Thus,
impairment in circadian rhythmicity may be a cause of
school refusal in Japan. The present study was the first step
in an attempt to investigate this hypothesis.
Our assessment of salivary growth hormone secretion was
not sensitive enough to detect significant daily rhythmic-
ity, but the highest level measured in the subjects of our
high self-assessment group occurred earlier in the day
than the peak of the daily rhythm measured in a previous
study [15]. Peak hormonal secretions often shift to the
morning if an activity continues long into the night. A link
between deficiency of growth hormone and reduced qual-
ity of life or well-being has been reported by many
researchers [7].
Our results indicate a relationship between the self-assess-
ment scores and the levels of growth hormone. Subjects
with high self-assessment scores in the morning showed
significant variability in growth hormone secretion during
the day, whereas subjects with low self-assessment scores
did not. Thus, psychosomatic symptoms may be associ-Journal of Circadian Rhythms 2009, 7:10 http://www.jcircadianrhythms.com/content/7/1/10
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ated with hormonal rhythms related to basic lifestyle hab-
its.
Nocturnal melatonin secretion can be suppressed by
exposure to light on the order of several hundred lux, such
as ordinary room light [16]. Thus, a subject's pattern of
melatonin secretion may reflect his or her life rhythm, and
melatonin secretion appears to be an important index of
circadian rhythmicity. Based on our previous finding that
growth hormone and melatonin exhibit similar daily
rhythmicity [17], we believe that estimates of the state of
the central circadian clock can be most accurate if they are
based on the analysis of the secretion patterns of both
melatonin and growth hormone.
Some limitations of our study must be emphasized. First,
it is possible that the sleep-disrupting effect of waking at
00.00 and 04.00 to produce a saliva sample had a disrup-
tive effect on hormonal secretion. Second, we observed a
larger difference in terms of gender than has been previ-
ously described [18], with women having sevenfold
higher serum growth hormone concentrations than men
during the day. Though we did not directly examine sex
differences in growth hormone secretion, we recognise it
as an important topic for further research.
Conclusion
Psychosomatic symptoms may be associated with circa-
dian dysfunction, as inferred from blunted rhythmicity in
growth hormone secretion.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
MN designed the experiments, collected data and wrote
the manuscript. KY managed the laboratory and adjusted
the schedule of subjects. SW participated in the design of
the study and performed statistical analysis. MN super-
vised the study. All authors read and approved the final
version of the article.
Acknowledgements
This study was supported in part by a Grant-in-Aid for Scientific Research 
(C) from the Japanese Ministry of Education to Nagane M.
References
1. Okamoto M, Tan F, Suyama A, Okada H, Miyamoto T, Kishimoto T:
The characteristics of fatigue symptoms and their associa-
tion with the life style and the health status in school chil-
dren.  J Epidemiol 2000, 10:241-248.
2. Murata M: Secular trends in growth and changes in eating pat-
terns of Japanese children.  Am J Clin Nutr 2000,
72(suppl):1379S-1383S.
3. Harada T: Effects of evening light conditions on salivary mela-
tonin of Japanese junior high school students.  J Circadian
Rhythms 2004, 2:4.
4. Klerman E, Gershengorn HB, Duffy JF, Kronauer RE: Comparisons
of the variability of three markers of the human circadian
pacemaker.  J Biol Rhyth 2002, 17:181-193.
5. Chiappin S, Antonelli G, Gatti R, De Palo EF: Saliva specimen: A
new laboratory tool for diagnostic and basic investigation.
Clinica Chimica Acta 2007, 383:30-40.
6. Rantonen PJ, Penttila I, Meurman JH, Savolainen K, Narvanen S, Hele-
nius T: Growth hormone and cortisol in serum and saliva.  Acta
Odontol Scand 2000, 58:299-303.
7. Carroll PV, Christ ER: Growth Hormone Deficiency in Adult-
hood and the effects of growth hormone replacement: A
review.  J Clin Endocrinol Metab 1998, 83:382-395.
8. Rosen T, Wiren L, Wilhelmsen L, Wiklund I, Bengtsson BA:
Decreased psychological well-being in adult patients with
growth hormone deficiency.  Clin Endocrinol (Oxf) 1994,
40:111-116.
9. Zenker S, Haverkamp F, Klingmuller D: Growth hormone defi-
ciency in pituitary disease: relationship to depression, apathy
and somatic complaints.  Eur J Endocrinol 2002, 147:165-171.
10. Haugland S, Wold B, Stevenson J, Aaroe LE, Woynarowska B: Sub-
jective health complaints in adolescence.  Eur J Public Health
2001, 11:4-10.
11. Nelson W, Tong YL, Lee JK, Halberg F: Methods for cosinor
rhythmometry.  Chronobiologia 1979, 6:305-323.
12. Cauter EV, Leproult R, Plat L: Age-related changes in slow wave
sleep and REM sleep and relationship with growth hormone
and cortisol levels in healthy men.  J Am Med Asso 2000,
284:861-868.
13. Tanaka H, Tamai H, Terashima S, Takenaka Y, Tanaka T: Psychoso-
cial factors affecting psychosomatic symptoms in Japanese
schoolchildren.  Pediatr Int 2000, 42:354-358.
14. Miike T, Tomoda A, Jhodoi T, Iwatani N, Mabe H: Learning and
memorization impairment in childhood chronic fatigue syn-
drome manifesting as school phobia in Japan.  Brain Dev 2004,
26:442-447.
15. Albertsson-Wikland K, Rosberg S, Karlberg J, Groth T: Analysis of
24-hour growth hormone profiles in healthy boys and girls of
normal stature: relation to puberty.  J Clin Endocrinol Metab
1994, 78:1195-1201.
16. Aoki H, Yamada N, Ozeki Y, Yamane H, Kato N: Minimum light
intensity required to suppress nocturnal melatonin concen-
tration in human saliva.  Neurosci Lett 1998, 252:91-94.
17. Nagane M, Yoshimura K, Watanabe SI, Nomura M: Examination of
the validity of growth hormone as an index of the biological
rhythm in comparison with cortisol and melatonin in Japa-
nese healthy students.  J Physiol Sci 2008, 58(Suppl):S87.
18. Engström BE, Karlsson FA, Wide L: Gender differences in diurnal
growth hormone and epinephrine values in young adults dur-
ing ambulation.  Clin Chem 1999, 45:1235-1239.
Daily variation in salivary level of growth hormone in the high  and low self-assessment groups Figure 1
Daily variation in salivary level of growth hormone in 
the high and low self-assessment groups. The results 
are presented as means ± S.E.M. * p < .05.